This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 



BEST AVAILABLE IMAGES „ 

Defective images within this document are accurate representations of 
trie original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 

• BLACK BORDERS 

• TEXT CUT OFF AT TOP, BOTTOM OR SIDES 

• FADED TEXT 

• ILLEGIBLE TEXT 

• SKEWED/SLANTED IMAGES 

• COLORED PHOTOS 

• BLACK OR VERY BLACK AND WHITE DAJIK PHOTOS 

• GRAY SCALE DOCUMENTS 



IMAGES ARE BEST AVAILABLE COPY. 

As rescanning documents will not correct images, 
please do not report the images to the 
Image Problem Mailbox. 



(19) Korean Industrial Property Office (KR) 
(12) REGISTRATION PATENT GAZETTE (Bl) 



(11) Registration No. : 
(24) Registration Date: 

(21) Application No.: 

(22) Application Date: 
(65) Publication No.: 
(43) Publication Date: 



10-0234361 

16 September 1999 
10-1996-0021856 

17 June 1996 
P1998-0006321 
30 March 1998 



(73) Applicant 



Samsung Electronics Co., Ltd. Jong-yong Yun 

416 Maetan 3-dong, Paldal-ku, Suwon-city, Kyunggi-do, Rep. of Korea 



(72) Inventor: 



Chang-seok Kang 

103-904, Hyundai Apt., 810-1, Maetan-dong, Paldal-ku, 
Suwon-city, Kyunggi-do, Rep. of Korea 



(74) Attorney: 



Min-sik Noh, Youn-pil Lee, Sang-bin Jung 



Examiner: Yang- whan Shin 

Title of the Invention : 

Semiconductor Memory Device Having Ferroelectric Capacitor and Manufacturing 
Method thereof 



A semiconductor memory device having a ferroelectric capacitor and a manufacturing 
method thereof is described. 

The semiconductor memory device includes a lower electrode formed on a 
semiconductor substrate, a dielectric layer formed on the lower electrode, an upper electrode 
formed on the dielectric layer and a first material layer formed of a semiconductor and/or an 
insulator on the upper electrode. 

Accordingly, since a semiconductor layer or a resistor layer is formed on the upper 
layer of a capacitor, the semiconductor layer or the resistance layer can be used as a resistance 
layer of a peripheral circuit area without degrading the characteristics of the capacitor, the 
bonding characteristic between the upper electrode and an interconnection layer can be 
improved, and the bonding characteristic between a platinum (Pt) layer of the upper electrode 
and a ferroelectric layer can be improved. 



Abstract: 



(51>lnt. CI. 




(11) e^y^ 



10-0234361 



H01L 27 /108 


(24) ^fSJtt 


1999^09^16^ 


(21) f?£!SH<§ 


10-1996-0021856 (65) g;>H2s 


^1998-0006312 


(22) m&wx\ . 


1996£06§h7gJ (43) SJHSJtt 


19981^03^30^ 


(73) m$\^x\ 


fe'gSJU^SlAI §I§ 

^?JAI 0H&3E 416 




(72) &SXt 


S3ISE ^£!AI ifg? OH&g 810-121X1 SCHOlfflM 103^ 


904S 


(74) Didl£J 


^°»^. o\<gm, 










(54) MAIEIS 


?uisn= si £ xii onsaaxi sohi£»s 





OI A, 1 1» x-| 



5^ 

3H AH M EH S ^dlolfe S!EX1I Oil S El S XI SI O. HI 2 ^ S Oil DI6H }|IH£1CH 2iD. 

oi fe. gisxog s oil t^/oL^2^.s^^^ ^m\^/\ *sxw SOiLJl ^ 1 

[[f^Ai 9HDHAIEiei S^S^ ^1 Oil S»£JUIS H&fllSS 4fS & 2SW/ 3H HH A! EH q a 21 MP"™ B § * 

jgs ( p t ) m ay's s? a ma* Aioigi/sa^g'e agAig ^ g o . 



CMB£ 
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shim was =?u\o\^ aiEfli ousaaxi s 3 nii^s 



[E3 2I Zi B §} ^S] 

HIIEte §£H2! Si £3 Oil 2I°1 S??*!fll mi AIEH9LI g^^gi g@ot?l 9SE0IQ. 

MI2Ete #£H2I Qi &gj(HI 2I& £<Z&M 3HEH AIEHSI g^^Si SgoUl ?IS BSEOID. 

HI3aE £ HI3b£fe ^2U2t £Di &3 0II 2|S| 2S?SXil ?H EH Al Ei 21 HI5 u Jg§ ggoHJI ?l SI EJ£3£eOI Q . 

fl|42{= £ g^SOil 21 SSSfll 3HI1H AtEHB ^bloffe Oil 2 £13*1 21 BSi EAIS! 201 D. 

HISaSE LHXI HISgEfe S &?g2l W |1 ^'Al CHI CHI 2I£J s»£fl| 0II2£I3XI£I HI£gJSS ^Scl^l 916101 S§ ^£011 ttlEt 
2AI°! a^E^OID. 

XII6Efc= S XII 2 tiAIDIIOII 21°) HjEfli DHSBIStxl SI MSoPI ?l eJ E*£E0IO. 

HI7Efe B BJSSI HI 3 ^AlOllOil 212! Oil 2 £1 a XI SI Uli^Si gSoPI £1 a* BSEOID. 

(BfS2l feU-il** ^S] 

s ^§8 aisai oiiseisxi a □ xii^sjsoii £>§i 3d°s. ^oi serais ssxf-^e m?? 1 ^ ^2*11 jhahaie* 

m ^dl6li= y E til 0il2dl& XI ^ Zt XH2£S(H! 2 s! 3 0ID. 

I'y^og ycjtil 0il2£l&*l. OliaCH DSStDynamic Random Access Memory : 01 ol DRA«''£; .V* - - E SI §3*21 □ 

MOi B?l £2! 9301 3^oiai £±612 2iD. Oil 2 2.1 m B^SI &±0!l (U = ft 1 3-.- f . ■:. : 0RAM2I £3£ 
g^KHi fejZ,**! SOHfiSJOl EJfcCil. &' 3HfiHAIB±:SI 2J£fcr CHI S £1 ffi 21 ^Ss^ a^" 1 ^- " *- : - — Oil £1 (soft 
error)gg S7IAI% OHJB. HSS0HW2I ±XISS|S 0\mX\ Sl« ±XiS^AI /M'}.*-- [OdfAI. 

oiisei ^21 ssmgs xio\h\d\x\ as §221 sss m n ehai&^2i £ie;u 2^5 :■ 

€ 2**0ilAi 0i!2£l <B2l 3HBHAie±B g^AI^I ^1 SS &SS0I BS»5.l- .. : . * ? "■ "'821 MI3IIIS 
UVIOii'D. ^. r SSXfla*g 9JS,»&6I^ syg. 1 9H0HAIEH2I S5^§ S3IAI5I? kt: ? * >j - <Ot a £38 

°2ii|o>og Af§5}^ s?s s oi ci oi s s £ftn ^s. ^ ^2^1^21 ^Diis ioo ac ••h &^wi^. me 

ei-icEoia 2W<Fowler-Nodhein currentJOil 2I6H ±X\9\ SI ^ 01 H8IE1°£. CH 8 ^2£i^;.lDil 7^8 6131 51 (MgD 

E?S0I ^ Sj JttH ^ 3HDHAIE12I SBSroffe 3^£J^^2l ^iM.lf.li WlioOl ^go ( 
gSOl ^*}S.\J1. 01 CHI CQ£I WIS&?f2l HI & ^ B§0I 

OlOil [DEI. *l e Oil b Ml 2jHH ??2§0i ^ BISS±^0|E(Pefovskite) ^52l :s*c.H.V '^^B{0l6t. " 

SSa«l"£J OtIS 101 ill. XL E!.(PZT : PbZrTiC) bl . Oil ± . EUBST i..-". - ^ ■ Al 

goioi %&M^m & £ 6i ^ gjsioi ;.ii£»ii:j ?jd. &^i ^i^si ^i:^--: . : .^i^^si^i. ^ 

£IE^^e* ^SJSBStTc-O) e-fSrfe S.:l aI^^^ 31X101. ^3(bulk) .'.••>•>•• • ^ i.000S££'.l 

^ ^ - e ci. oiy§! if^di.tiis ^sjtruGs m§oi^ s^. fe'?i ^ 2j x\\ ^ m ^ooa oi^ii ^«smeis 

e?i 6.'^^ ^(equivalent oxide thickness)& 10a 0I6IS SMHjflS ^ SiDfe SB 01 PJ D 

&B. ^f^SXilg ?HfiHAlE.i2l SiijHI°-l2? M8S13I ?l6HAife 2^s^0l SSSICHI. gi^*"^: - Li 21 fJ^ilgJSAi 
fe. 0; ?IOilAi ffilS^±3IOI^ ^?5 2l °!£J2I 3^01 3!. ^ S^Hl if S5.Ufl^:'.l -H2.'DitM2l WSSai^ai 
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g 3i. CD SEfe S°--*Uil2l ^£JXIM2I 

i^&i'iis! ai!S(Pt : Platinum). ¥Ells{Ru : Ruthenium) 1 
,) SE!= ya¥E||fe(Ru(i) §21 ^SSOI S^EIID S!D . 




- 



§*E! ^aat/a&s)/^ae|(Oxide/Nitride/Oxide : 0161 ONO^f 33) ^£21 ^ S?SXII^2£ K\B6\H MZ\MB\2m 
^og Algols f§^2l 9HEH A| BOII Aife 3H fiH Al EH 21 6**3^3 ^SSlS S^2I AfgoU? SLID. D£Hli, 

7i^-W ^ 3 «A!B2I -^aqog Aigolfe SSSMI MAIB2I 3°(H|^ EH Al EH 21 2*2* 

g ^2slS 92*21 I-mSeS Afgofb 3101 gJl^olCt. 

o^tsjog, 0H2dl±XK>il Afg£l^r XHSS£ S^2I £1^011 A}g£I^CH!. SgmgOKvol tage generator) 

§. g Ml ^ aiOKRC delay)§o^ A|g£lffl. £ICH ^ *fl S£2I X-itf&OI fi^Eld. 01 £H °! ^Sal^ XHiJg8- 
H8SMresistance)0l S^Oilfe: M S.^2! aiOIMS^g Md!^£l£g OlgoHAi i^oll]. XHt^Oj ^ S^OIIfe 3>H 

EUIB2i fe^S^g S^ttaSS AfgolOI ggoUD SiD. 3£IU. Ml 2 El ± XI 2* ^ 3 0I&2S ngZH&Eio, 

0! ys} ngg SSgJgOl EL^IOil 01 = 31 &CI. D 0!5?fe. ^ ^PK6)3 0I&2I UlSBiSS 0H2EI±XK)II^ BST SE^ 

pzt£i asaai^ 3>hiihaieh2i ssjhiqjss? Aigtii]. oias s^am?j Aiga^ 3hehaib2i a^Sn ^ 

(Pt). ^EIIfe(Ru). OIEIM(lr) §21 flg^PSi ^ 41 0: El § ( 1 1 0 S£fe £!&^EHIfe(RuQ) §21 2E£ fctSSOl MSB 31 

KHSOII SSS X-lff&g £21 WgD. a*'. ~?^2-4 nil 2 El 4: Xr 21 3101^*1=} =?^^= fe'£IM0IE(WSi/i 

SEIfeJEIS £fe ElEfs fcJEIMOIEUiSi:/ £ . : ' I ! ! 5 ■ f- 'rl & Afg£DI UK ^ Oil . -^1 0\m 
CI. 



El §21 <H 1> S ^^31 3HUHA1EH2I 2^-:* 
H 1 Oil LI El LH £J EL 



;.!^Li2l »I0I^ W^9.\ a US (sheet resistance)^ Eis2l 



uxi &g a. nam © a^2i uh eh y oi ^ 

: 0il5Eril4:Xf2l LH ^Sf^0lSAi;^||j 

Iridium) #2i ^fflOl £l § ( I rO 1!P 



« § * 

(1500 A ) 


t 


t Q /□ ) j 


(1500A ) 




( £/□) 




1 0 


71 1 


WSi /po!y-Si 
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- 7 


o] el*(lr) 


i . 0 




TiSi /poly-Si 


i 2 


- 3 




1 o 


49 ! 


poly-Si - 




100 



H 1011 LIBizl b!21 ^01. XUHS ^ZrS.!: 

dixiiioi y^i toigoii. oip m^s zvu 
^ 2?xh*' iooi?/Q2.i Mei^'£iee Ai^-- 

^^Ofl^ 500^>2I 2 0I2I ^ 2 61 ° g . Ai - . : 
2101 ^^lfeol»l SO. 
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I . Ml 1 £ LH XI HI 3b 



21s! 



^ ^^a«i2i fe}?s^2£ Aig^ife ^s(Pt)^i 2i g^mms 
.-■ Ait'gog Ms© go. ugai ^oi?i sxhijoii yoieiioia 

ojl^XI ^ [[H ONO °.£Jfli^2l A(S^; 

• ;- : .-9 6ixiai. £xii»oi 2i/nei wst/ M^i^aieg Aisa. 1 

■ :.. iVS -^^g XIXIol>il E!D. S£°l. ^^2^121 

• -n DH Al EH 21 fef^S^e 3^21 XiS2S A-Uoij? 



•SSfll 5HUHAIB2I XHIS^Sg 2}£f«!JII aSSUIS i. 1 LI 



^-ai < i MiHM.r-.l 2^ H^^Si ^Sol^l E'S£gW. 




HI 1 EOil 2lof£. «h^(2)/ BST(4)/ °-^(6) ^£21 3KUHAIEH fl^SKD b>2l 20I ^ 

(Pt)s aiXHSJOl UH^Ofl Ol &^2^(6)g 2*t*£|s ««o| ii*t§og At§oli= SOI S?t^£ SSiOHJ 

£1. &¥2^PJ Wi3(6)jU D fef 5*011 I^a^ DHidSei S/¥0ls(AI ; 8) B| AIOI2I S ^(adhesion) m^OI US 3SOI 
2f D . 



HI 2 Eb §£H2I De Oil 21°} ^oxjii 5MAIEH2I g^^gi ^§6^1 ?lsL> BSE^AI, 01=? md\ li\ 5.005.012 
§i S5§ 510IQ. 

OOiAHb £>^S^g Qgog Sgtffe ^Si XHIAISH2 Si^CHI. EAIS b!2l SOI. ^2=1(16)111 bH >d 3^g<18) Af 
01 Oil SS!S(17)» JHIH 6H3 &!U. Ol HI 1 E2I ^2011 dloH 3*^201 JHijElte SBI^ £UI°J. MAI 

yoi M«xj = e ^£al£ S^2I Xi§S ^ 24 te BSOI 2!D. Ol^SE! ES^s 12fe ol^2^, 13S feOI 

61*5!^ (12) ft SSfl|a|<i4) Ami 21 S^§§ WW StU. £L»€S ^1 ?! °J ga/ 141= SSfliajg UBfcH 

o. 

- 3.1 5 ~ g£H2l 5D§ &S0II 21 ot 9HUHAIB2I Uli^gl gSol?! ?! S E^E^Ai. gJs^SI SSJSffi 

::^/s:S 230IQ. it (3) HI bK^ i^0lsg(38) AIOI0II El Bb U0I ^ £101 E (T i N) . 

• : iVOIH lies -^#(37a)e £SSK)I i^0ls(AI)2l ^S(Pt)2l Sf6fg ^JIolE^ £I0H ?JC\. 0|g 

r.:cn.-.- 32 i= 61^2^, 34 ^Sfll^g UBteCI. 

:- -M, &fli2l iDi g^SOil 2lsi S^Siiil 5MAIEH2I XHI^gS ^So^l?l°! E* 2? £E S A1 . 0l^5i 4.982.309S 

fx *0lD £2^ a^(36)Bf dHidS(38) M 01 Oil ^Eils(Ru). 01 Bl S ( I r ) Ol^Oi 

1 3 (3r t .)o; ;.: £J OH 2iLL 0|gg£! 32 b ol^S^. 34!= S?£fl|SJM UEIH3D. 

.:■ :ia S 2f Hi 3b ES &3ESIS. XHI 1 E S! JEII 2 E2I 2^21 QI&5IXIS 2H1IHAIEH2I fe'^S^S ^£s>l£ g S3 21 
: . - . ; = ,.&ct- 3d 01 g^teolQ. HI 3a E2I S^. a* 3 (36) ^ 2§S S^S(37b)2£ OI^CHiJ &=?S^ 

.* .1 fee. 1 SE-2Jg S^6I£= ££ISS|(Borophosporous Silicate Glass : 01 BPSG E> SIS) ££= E^HEIXI 

; ?J 3c, Hlndoped Silicate Glass : 0161 USGd) «£ISiJSIg« ^1^2^ offe S2!SSai(£ MEIXI 

*:AM>|| ?JD. ttJ^AI. 3HSHAIEH g& ^ 600"C OifefSI a^EIOII 2I6H BPSG2I TiNOI mmm 

^',0: ?r LH t.\ EH 21 ^^01 ^^£lb SB SOI 2!D. 0121 ^01 3H0HAIEH gam ^XH£I0II 2I6H BPSG 21 TiNOI a JI 
: : t^SOl XH6t£l^ SHIfe 1993^ IEDM2I 53-56 iHi Ol XI CHI g LIBLI 2!D. 

<•_:: i^l^e,' AI0I2I r^fll^S SOI ?H QH A I EH 21 *gOI. . Sfl Elfe_gg_^lLfiL^ 

^:v^§8 ^SSIS g«2l AISS/ ^ S!3 , ^^S^HI BHfiifi AI0I2J g ^gQI ^ ^a' "JE^I 

iii.&;.i«_A!LSJiOil 2!D. 

y;y-!9i Dr4 ^-^e fe^l ^EiHI OUSEISXISI XII 3 &• (HI 2!D. 

'■ i,' ?l 61 CM S ^g(Hl CCt^ »'E^I Oil S £1 S *l ^ . «»E.«I?1& fe>'^CHI ol^S^HK fe^l ol^il 

^_ ... i,..-. C".:iiXflQ| o- ^^2xno ( aiqii si m s. i fej^xj^o g Qi^Q^i gJ^^jB iiH Al EH S ^ 

•■iiSrrJ-gfg : ^ ^-^^ ^™ fe 1 31 ^ ^ 2 ^ HI gZj gQj°l2l £.^g ^XHlol^ §}^§9g .'.t 

jHiiHAIEH2l '" fef^B^a* SJiajgg bH^S^ ^dlol^ SI ^S ^g SJD. 

• "r- .:y6l?l ?I6I01 S ttSSI Cl^ "'E.til OII2£l&'XI^ CHI S £1 ^' 2^21 ^SalS SSol^ HiSflUI 

M- -.-/.liifi 5ti6101 feiPl WI2£I^' g^Oil ^^21 ^^ijXil CHISdl^^ : ^ - 2 ^1 3HMAIEH2I 
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• : ; jv- _ __ __ 4 _ :L: .--i. 

% ^^r^£)^ S^°l &<HI SI E XII a/SEfc §2^ ^1$. fefl?! AIOI2I ±<= 

ai±B^Sl?ii^»si : s s^'21 m i §°? Afga^ an gss :--«||^*^s &wi saga, i^hoi isa 

gj o^S^g ^s(Pt), yai^(Ru). OIBf (JO. :.Jgg.g< pd) - g^g (Os) &g gasm, 01 a m ( I 60 
) . ^&^(pl a tin i urn ox i de ) , 6! SI 2 ± B ( Osm^umjwjide K _ ag |gjg( Indiu m ox ide), gj§^*J&a§( Indium Tin Oxide : 
Tfo) £b iiSiaiEllfe(Rua) * ^ * m Si g ^ V* W" ~) m (Ml A1 01!= 6IU 0I&2I Mijg ?g £lfer 5101 Utit 

&3I £2J|E4JLjni ffllSH^OI^ ^521 ni.XI.EI(PZT). ^-EIBb aag(PbT il). ~-3E^EHEJte_6l3[_ 

g(PbLaT i OX U I S - El Ei s £J & S ( BaT i Q ) , , b I±:¥±-EIBb 61 a § ( B i-,T i -A ) , ± MSS-bl ^^-g^a ^gf§(SrBiTa 8 
w/dl.OII±.E|(BST : BaSrTIG) & ^ B ^^J_^I}^^MJ^E^ d ^- aagBh bl^^-ElBs 

^IM(BiJiA) * ^EBa-Hl^g^-^BB""M«SfSrBiTa4)p.?aE! D BOIIAI fcj S{ S 0J i= 6IUS OI^OiED. 

jHII -ll'ig 5~500<2/cm2l 3>fe gSS2SA1. 0118 HOI SEI&'Eie. § £ gj ^ £1 Al 0 1 S ( WS i ) . *J £1 g 

UOIMB OIH(SiN) S! ^agP0lB(AlA)gg''?^ ^"'^5(M^ 0^ ofLlg 0l¥01£jD . 

a, J, ^ iii fe* 011 m\) mmm^\ mvm aioi°i &.'§§ ^aISiji ?is mi s b ^gn, xii i sgs &<w usi:- 

§g Qi "?0l5lfe 5101 dl^SJSIOI. HI1 S^SOI EIEIs(Ti/ El Els LIOI m. BOI = (TIN)21 OlgSJ. OIEI g(lr) £? 

^aOIEIs(lrQ) CH!= SI US „0_lfCH£! 5! 01 EH° HI SPID . 

ccsi a.^i a^2=^ m mmm Aioioii. fe^i g^s^m bi §§Jg°i yii guiaui ?isi xii2 s^n c H 

?dl§! ^E 

a.^| =2H^ g^ol^l ?I6I01 ^ Oil ll\m Ei £ XII EH12clS.tl£l Hi 5 DH2£I^ S^HI ^SfilS S^:-..- 

o^ 5 j- ^E^Uie fe'2l Dil2£i^ S^OII 9HEH A I E-l °l o^£^g ^^61^ B^l : ^Ol of^S^ ^011 ^^XW^m % 
61^ B2I : ^SX^ ^011 g^olfe BSI : £J\ £20 ^ ^Siil^g M&^c* 

BSI : ^ifs £011 EL>£KI ^/S£fe Ol^CHii XI1 1 g^'Si S^s! ^ 6101 CHI S 2.1 ^ S^CHIAI^ fe>'^ 

xi^jj g^g 2 o, M0! o, ^X1I6^ ^^§25 AISEI ]2 . S^OHAife ^'§2? AfgB^ Xil 1 

EHgg g^olfe B*l : ^011 i^g^^'i ^. EHByoKM dHtjgHt 2S6^ g^SS 

gM 6fe c^ t ; c,. a» ? | Af-x^Bi s^i^2g mvmm mgo\= ex\m 5^6i^ 5!M §§2? s»p. 

a^| a^ 2 ^ ^. ol^£j^£ ^S(Pt). ^Eils(Ru). Oia^(lr). ^dl§(Pd). 2^§(0s) ^21 ^^Bl. ^^OldlSd.o 
). M^«iJS(platinium oxide). ^£l2±S(0smium oxide). ^SI°'h( Indium oxide) . SJe^^ ^Sls( Indium Tin Oxide 
ITO) £fe ilt^^eile(RuC) 121 2j£^ ^ t3 Dg(HIA1 01 hi olU 01^21 £&6I^ 510! blc 

SiolD. 

□ BH. fe'21 ^2Xil^E ni.XI.EI(PZT). ^-EIBh ii» SI B (PbT if) . y-£!&-EIBs ^^M(PbLaTiG) . HIS-EIEle fei 
S(BaTiOj. blr^^^-EIBH y £IS (Bi.Ti.O. ) . ^ M ^ g-bl ^ ^ ^ 1 ^^etSrBiTa^) . bl . Oil ± . £1 (BST : BaSiTiC) 
* 0il^.EI.2(ST0 : SrTiC)£l ffl|gH±9IOie ^2 21 M£lfg2l. bl^^^-BBe £L»ffl.g(BiTi : 0.) 

±¥±-&mm 6»filg(SfBiTaO.)S ^a^) DSWIA1 : J sj 0 J - r^Js l^^oi^ 5101 blSilolD. 

a»^| m] g§jgs 5-500^?/cm2| « A H*»e ^^a^SAI. W iH 101 S El ^ dl 3 . g^^i ^ B AIOI E (WSi ) . ^ ci i : 

U0lSB0l£(SiN) §y M£IS^DIs(AI0 : )O£ ^ a £! JgOIIAj £l?^£ 01- SILIS S^E-'D. 

jeu. xii i i^gg ^ysi asi oi $011. ^^i xin g^'^iii uh^s moipj s»es axiei^i ^lotw m\ 

fe'Oil EIBs(Ti)/ El EIb UO|eaoiE(TIN)2l Olg^. OlEISdO ^ 6.'SI0lEIS(lrf) §21 01!= oILIg ^^olfe 
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& gig chi ta=s, maie^ g^a^ chi hh §a§i &gj&2£Ai, saassi Ami 21 ±^ai±s ^ 



Olol. £Si &3&6>Q1 £ CH^ ^ Ail 61 ^SoUl^ °!D. 

HI 4 £b B ^SQII 21 §1 3HEHAI0S ^blofb &}£HI 01I2PJSXIM £AI°J B2E0ID. 

ES 40S SlEXOEh 42b blU&g^S ^§6^ 44b diiSlst. Eb ONO ^ 

52| *|0|E§2^. 46B SEI^Eie £b M&IM01E ^?£2t TilOIM. 488 egHX t ±B2l EfllEMEAISXI Sfg)]U 
£i dlMPJPJ. 50.64b eZJi^ei. 52- ^IHAIE12I o^S^Hf ^XI^Ei°l ±2±<EAI£III £gAI3l±= S*1. 

54b 3HnHAl£i2l of¥£±^. 568 ^??*jH!°j. 588 3HMAI£i2l fe^Jj^. 62a b S]£fl| S£b 0l¥0i*i H1 1 MiJ 

* . 62b b £IEHI Eb g 2 fll ^ 0I^CH*J §^2I Xi si # . 682 70S HHtdS. 72b es^i U 

El Lb □ . 

2JEHi;»l t> -(CHI gg£! &<HI. o^2^(54), gJS?3flieM56) 1! ^*j^(58)M ^blofb &^&X\\ 3HMh\ 

EO> ggEIOI 2iD. fe'^S^(58) ^ 6^S^(54)s ^S(Pt). ^HIb(Ru). OiPJS(U). fe'EietPd). 2^M(0s) 

e2l e^Ilf. ^£10l?J§(lrC.). ^SJauetplatinium oxide). ^il£d:§ (Osmium o.ide). ^ £1 £J § ( I ndium oxide). PJ§ 
^^iL»&e(lndium Tin Oxide : ITO) Eb ^S^Eil s(RuC) S2I 3£g i'Sig ~ ^ D g Oil W ^^£1 0i!= 8tU 01 
^21 § £ ^ OI^PCHXI S!D. 

□ fe'Ji 2^2HI^(56)8 HI.Xl.EJ(PZT). y-EIBs *f£IS(PbTi') . y-r!'-M = !S £1 m (PbLaT iG) . dlg-EID 

s *t£!fO(BaTiC). bl±^±-EIEIs ^SietBtTUOl*) . ^Eg-UI^^-^r* ; ; V S (Si BiTa 0 ) . til . (HI ± . El (BST : 
BaSrTiO) St' 0ll±.EI.2(STO : SrTiC)§HI IHI^H^tOi^ =?±°\ " 1 ^ : - Ei El S ^&^(B;Ti:0;) * 

^IlO-bl^^^-i'i'g iJSI§(SrBiTa.O ; .)S 3S0HA1 i^E! Oi^ oiL-:. O-^Oia: <?j CI . 

-^i gs?*j=3(58) MOjib gZ}^2^il ^^2^21 ^M&I^S ^ XII 612 ^£5:-: ^'^9! Afg© ^ &b g 

5-500P/cra2l ^Xi^^ £b 2i£M ££b SaJEilS Ol^Oii! J-iM Bi;' 6;'l; ■! PJtfEICH ^D. bfif^lof 

>1lb. ^Pl HI1 i^§? ISI^'die. g^B! ^£IM0IE(WSi)2l VJE £'FJHv : ",/:»0iE(SiN) ^' ^^^^ 

Dls(At 0 )2\ gSfll? & □ g (HI Ai Whi 61 Us 0l^Oii. [ D. 

a.^i WM g gg (62a. 62b)0f MEI^'Eie ^b 4J?JAI0iE2> «>EHlg i-? fe* X ? ft' bH£ije(70)ilf XII 

1 SilAI^IZM ?|oi seHgO! WI1 H2^(HI ^^fe' ^5": Oi (IF . ^ g^2l &?l H1 1 M^S 

(62a) 8 dHygHI £1S S^SS^Mi fe^ £1§0I iOlfe' ^ ?J b Gt . OI ^ a 1 ^ i HJ R g V,' ;.i of ^1 ?lo!01 fe^l Xit1 g^ 1 
^(62a)^ BHidS(70) AI0I2! gJXIofPI ?l SKM EAI£! 3d 21 ^01 >il 1 ^^;l(08)r: :• ■-••.llolb 3 01 mgSiSID. 

Jt'l T i!^S(68)^ ElBsfTiV El Els Li 01 ^ SI 01 E ( T i N ) 21 01 SW. C" . r :: ?'"•(' ; V : ' T : : ! :'.! Y\ ( I rO SSI CH1= 61 

c£?i. :-i / ^01. m ^^21 ^^^^(74)21 H1 1 g^gU0?.O A:'" -: . • - ' >■■ 1 1^021 £S 
S*7.loi:-. >lr--J HI 2 &^S(76)g ?blft <=E SID. 

= 21 £.( ^ 5j ;j| 3WMh\&m ^blolb SIEHI Oil 2 PJ §J I! Oil ttl§:™. H".V^i'» ''H f:R » : o| ^"Jj^ni bHijS Al 

01 Oil. * : -yj$l£ S^2I XiSSSS AiSS ^ 2ie SE2I bUHiJg ^b K!S\Ui «.i ' ?43S H1 1 iig§ ^ 

bi^2^Mi. ^j^^^m eztgoioj K \ oi of ^e^i^g oisj ^ifgi^oj ^sii ^ ; i - ^ -^i H1 1 li§2S 
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HI 5a £ LH XI HI 5g E. HI 6 E £ HI 7Sfe g g*S2l dUf^ ^AIOIIMOII 21 £} StSXIl OUSdlSXI2l Wli^Si £ 
SoUt ?l6IOj £A!°| BSEMOIQ. 

[HI 1 gAIOII) 

HI 5a E LHXI HI 5g Efe ^ S^2I H1 1 ^AlOllOil 21 °! SJEfll HI S SI S XI °l -HIEE&iie ^ScO £l of 01 5§ ^ Ai CHI 
[L\& EAI£! BSSeOID. 

HI 5a Efe ^Ilr^EH ^ g^ii £&ofi=r B?flg EA1e!Q. 

01 B^l^. SiExOiee if&S^HI dl&felg^ES MSIolfe iJI^BI^g S&olfe g§, &iExO^°l E^S^ 

Oil §e§!!II:^EHM §£!ol^ g§. £31 £&l\±B9\ EcHieJll Hl^Sl^g S^olfe §§, illls £011 

g&6H^ HI 4 g§ ^ M^JJ^EH 21 ±2^21 9HHH AIEH2I of^S^g 2Ho^ #^(plug)g g£oli=z *J 

£AHIof}|l = . SXH £JEHi;>l£M40) yChi ^^^! (LOCOS : Local Oxidation of Silicon)Ill S£2l ±XI = £! 

ggs §5(01 a>E.tOI&8 if y S ^ 3! d! |,' yg^og °! § oJ^ i! E £l SJ(42) § $ , Jfl 01 ^ (44) . 311 

0IM(46) §=' ±2^/Eai°!(£AI£IXi f V 8 ) £ ^tilolfe ^XI^EHS S£2S ^£2? 01 CM Ai . £31 Me«XI± 

El 21 E gi EJ HI gSol^ b|E^o 1( 4sj= i? ; . ^ii§ Oil g^I^'i El§ S&^olCH S£_^2^(50)g 

gysici. DSOIt. £31 g^i^c; ^{50)g -sl^og ^ZJSKH ^^SS §^§.1 ^ £31 
JIM . Xl± El 21 ^ 2±£1 ^HuHA^.-iJ 61^ 3 g 2 H 51 b §§^!(52}§ 



HI 5b Efe BW M A! EH 21 61^ Jj3 (M)& &fe?6»£ S EAielQ. 

01 Baifcr. ^s(PtMI ^ ■■ : £>-'o!CW £Si§ ggorfe g§ ^ £31 £2§§ fiH EH is! ol ^ SS2S 

£J IS £! t\ . 

£AHi 61311^. M^0\ ^21 ir- 

g £| ol « CIS. v 

(54)g ggsJO. 

£31 9HIiHAIEH2l 6(^£^(54)£ 3! *:!L' Bi'Sfe 2*jE£0l£AH LH ^£[£21 ^ ^S(Pt). 

(Ru). OIBIS(lr). §^ls(Pd). . ' H(0s> £ 2i 3^ HI. iJSIOI £l§ ( I rf) . £l»&^ S(plat inium oxide). ^ £1 2 ± s 
(Osmium oxide). £} &2! b ( Indium u-.de). £* & ^ « y £)§ ( Indi urn Tin Oxide : ITO) E = £»£l^EilH{Ru') SSI £j££ 
M£|g go| CH«- s ( cc- oife ^^'21 A|g§ID. 

feOI 2^s^'2l S^SS°g^. / :.• i.if-Msput tor ing) SI °i 2I& s ^ (Chemical Vapor Oeposition : CVD)S § Al 

goffe >!0I dtii^olD. >>iiS k- ■ : - t ;-^i S^. &^l El ^ ( target )2§ AtSofOI -50O'C2l 31 

m2£2| i - lOmToi i £1 tSBUchar.: • ■ T;;:6i0l 0l^5(Ar) ^?UI(HU-1 OC ±IHEH%! g>^g Af§6f01 §^§1Q. 

uh ^0O| Ai ei^g Af§5. 1 : - ^s^f f-i- g El 2J. 1 2 S AlgolOI 1 - ■ lOmTor r 21 ^bH2J^§ ^11 612 . 0l^5(Ar ) 
PI ±0)1 5-50%?.l .'l*±(C)S -*-U!{H'M Hf ± fH EH m ^UHEit) ^Si AlgoKM g^S-'EI. D&H CVD 

ygi AlgSItt ^g(Pt )§ |i,-r.ir gf^CHItf. 9iJS-^AI0P2SO(AHI^OlAllgLHIOI^(Pt-HFA.e a -$£ ^±(source)S 
A(§ol01 100-.'iOOC2l Pt^8E? : lOmfort UlTon 21 2f ^ 61 OH I Al 100- 1 . 000sccm2l 0f = £(Ar)g g2JPI±g ia§2S 



3Huh-AlEH2l ol^S^g ^^6UI ?l °| £21^1 100 -3. 000 A g£2l ^JJIIS 
.m.V-:j^ -Igi AlgolOI fe^l HHEHyS2SMH 3HQHAIEH2I ot^S^ 



HI 5c E = 5HUHAIEH2I S £J jt« a* ( 50 ) y M'-VJ^S E5jS(58)M £^61^ H SI g E Al el CI 



01 9*1*=:. h\ 5b E°l 
g^of 








^mioMlfc. ?HIIflAIEi°l of^S^O! ^Ufg gOII PZT2I 1>8 g*$?*miM £Efe CVD gjgos g*lof01 2 

fe^i &^axm(56)m m&o\j\ ?i& gssfe. hi. xi.ekpztj. ^-eidb esmiPbiu). y-a&-EjBH ii^ii 

(PbLaTiO.). dfs-EI EJs £!&g(BaTiG). dl^^-EIEfs £}&e(BiJiA). ±^mm-ti\±¥±-mmm (SrBiJa 2 0 3 ) 
. bl.0il±.EI(8ST : BaSrTiG). Oil^ . El .2(ST0 : SrTiQ)e°l Hl^^^fOI^ ^£21 dL'&gjU. dl±^^-E|Efs £J£fM 
(BiJi.O) i* ^Msg-oi^i^-E^g ^^^(SrBiTaA)^ 0I^CH*i 3g0U1 £j*IE! Q1 ^ ofLIM Afg& ^ SiD . 

(MIS iOI. BSTS ±IHEHg g^g 3^. BST Ef^g 01 Sol 01 550~650*C2i 1~ 

lOmTorrSI ISW^^i ^l\o\Jl, 0f^5(Ar)Hf ^rUOZH S$?9 S¥I3I0U1 g*Je!D. 3612, CVO 01 § of 01 g 

S^OIIfe. CVD ±±SA1 Ba(DPMl. Sr(DPM)?. Ti(DPM) r S ?a?2S Algols. ±}9.\1\±^$= ±}±(Q)0U 0\^$}±}± 
(fJO)OI 10-50% S??E! £S_Uf^S] 0^£(Ar)OII fe'Oi Jl^sc 550 - 800 "C. Hi tH £^ 0.1-10Torr^ SJIE! £J 

:■■ f-'l : £>' ^ £j =i g £3§(58)g EH EH y of J I °l AfiJgg B^llM £AI*)D. 

i'i ! : . £21 y?2^ig £2i gOII S£SIUI±M EH^e Sgolfe gg fe'^^g E2i S! SSSfll 

. A.-z^g £2S(58)0I gg£! SlIlfM ^Oil 0f±Hgg gjgoOl ^§J . OJIS i(H SSfllll^^S 

f. ■*> ' : E £1 ^JJflS ±£J-£5(spin coating)^ §i 2H ft ^ 2 £1 S gQ* e og( open ) A | ? |^ 51 

: „rf^{60)S s a °! Cf . 

:-h s§aixi±M iwe(60)e ^ oi^ag Aigoia ^^ai^ 23^21 fe^s^g ££S(58) a ss?s 

•\:^.;,^ *! 2» °j Cf . 01 UH. £J\ fe^S^g £2 §(58) 8 2j ^ AfgofW ^'^^ ^ ^Cf. Oil m 

± Cv . i-.^*^2io[ g°0i|- g-e Ai^oMog Afgof^. 2j^^^O| g^Oil^ ^^p^( 0 o f g^?l^(CI ; )o| «*^f± 

K SID. 

. . fiei^aeai(62)g ^^oi^ bjis SAima. 

r>; Al^^.l.n. ^SalS S^0i!A1fe XH&gog A[g|J Mdl^'£IE^(62)e §^£.10. 

: • ; . : ^J^E°i(62)M ^^of^ ^SOgfe. OIIM B0\ ^IW^(S^) SE ^ El g s S ^' 211 Si (SiHCI; ) g Afgol^l 
-. -:-.:.ant) ±±SM1 £J£l»(PH)S S?f5f01 ^WLHg ^ £1^ ^ . 550 /50'C2l SEOIIW CVD § 01 S 



."/i :-. j:je!£^(62)-2l ^' E£i feEfe. yE^I±X(2) tf»llAI £ ? 5 .! ^ ^5?§|2 SXiS(Rs). (Ml g 101. 

.^j /?(-■(,' : 5.i£^ si §61 5 £ a! Cf . S ^S2I btii^^ fe'AIWIOII ttl^9!. ^ ^1 g£l^£ISa»°l 100- 

■i (km)/. bi§,'E!oj-o. oi ^/rnoiiAi sn^^i §£1^^1 = 21 ss^ee ^ § °' ci . g 

- :i: ( J .i.«".'JO| £gi Isti 5£ol^ CVD 5S§ E2!§i S^lofCH £^^£S ££ol3H 

:i. '?.VH£|XI ? 6 '2 g £| £J £| g g *0j| gA ( o| QlS^gJ S£ J= SoH igi ^ ?JEI. 
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■---A- --"."5±|"-r-— ■ - v- — - ---T- : 

bdl^£IS^(62) CH^btf j?y#U±:©! B.I AIOI = (WS1 ) £fe El Els ^eiMOIS(TiSi )BJ_ S'f|^SSf^2l ^dlAfOIS 

°j £fe ^aiE uoi m aois flllr.^M^ di (a jo 2 ) nt at as sssis ±ssi xi82t&; 

XHI 5f Sfer 32!3asi<64) % B^m(66)m gfclolfer 93IS EAISID. 

01 EMlfe. EHE^of^ 5S. SHIM &0II SJSSIi= gS 3! fiH Al EH 21 S/^S^JU 

m&mm &mo\^ ?^i§ m%t>\^ ss°? sjssd. 

£U1I oMli=, Af£J^2-f AfgolCW £J\ MZ\Ml.\B^m MB^m^^&i. m S^OJIAife HH Al EH o| 

(58) HH^S°I g^l 6i2. S^jll SZlg^^l AI012I 2^ Oil 21 el ±^Z\\±m <»Him^ S^S(62a)2 

S Afg£iH. ^SS£ S^OIIA-tfe ±g XtS&S ^fe Hgg(62b)oS Alg§/ Mdl*J£ISSJ uH^g gge»D. OICHAi. 

fe^l HIHE- &0II e^-£JS gf??6lfc= ^dlg(BPSG). £JS SSolfe ±J£IS(Phosporous Silicate Glass : PSG). 

^£H±(Silicon Glass : SG). ±E £ ^OlrMSpin On Glass : SOG) %l S^H£IXI SB ^dl^fUndoped Silicate Glass 

; USG) #21 01b e! £t= 3 5gf g ±g QIIM §CH 2.000- 10.000 A §E §^5101 g2!§^a|(64}g Ha 

SD. 

QgOil. S&2I At*J^ ggi AfgoiOl g^g2^(64)g ?55jo ? AirngogMi g « 21 EH A] El 2! £>^2 

^21 bHtjge £ golfer e^S(66)g ggs*Q. oi ttH. fe f ;i ^^(66)8 EAIE! bi£i ^01. M£l^ Eie^(62a)2! H Pf 
01 ES£IE^ Sag ^E 2i2. £31 #dl^EIB^(62a);jiXI ^5101 #dl^EI^ oi^°l &^£^g<58}2! 5 2:0! 

HI 5g Efe= S^3<68). HH^S(70) 31 ^£^(72)8 SSofe B3IIS EA|°tQ. 

01 8311*=:. = SJ601 SHIM fe'Oil E^&(68)m ggol^ g§. &0II HHt! s ^ § g*tolOl BH m £ 

(70)S m a o! ^ S§. feOl dH^g ^ i^Si flHEHyo^ g§ ^ H2IP &0I1 £<5^(72)§ & J ^ of i= 

£!□. 

&'AH1 ol>il^. E^lgOl mg*} fe'^l SUfs ^Oil £(Bs(Ti/ El Els Ll0l^EI0IE{TiN)2i 01 S^. OIEIM(lr) r; : : ' 5 .i 
0l£ls{lr0) S2I CHb & g^'g 100- 1 .000 a 2| g^SIOI £D\ M dt ^ dl eS|(62a) 21 0! ^ 01! ^ ^ S- 1 r-;*? 

0121 gmm^m Ql\6\H. £^3£«(ohmic contact )S SSo^l ?l£.* &^0(68)M S«*»a. 0I01A1. g ill g -"^ cr- 

WIS M01 ^ = 0lfe(AI)(70)S 3.000- 10.000A SE2I ^ffll.g S^2I Al*'^?, 1 SSi A! >-* ■* • 

^1 S^0{68) §y dHiJg(70)§ uHEHy&D. 0ICH A1 . S^2I El ^( DRAM) I1I5§§! AlgofOI es^(72) * J fe? . : ■ * " 
gSi ^J^olOl ±XIS & ot D . 

a^isi ffi ^go) hi ^ AIM (HI CU = & . ^^Sill 3HflH AIEH2I ^ ^ ^ ^ S ?| Oil ^^alS S^2l Aife'S2S Al^V : f ^ 
il'ii £J £ 2 ^ Mi . ^^5j = HJ ^21^2^21 S^Oil 2ist ±Meil±:S ^ XII m ^ 2^11 . ^^al^ S ^ i-^^Sp 
9HEHAIE1 SaBf SAIOH g^S ^ °'2oi . ^^Jj^0IU dHijg AI0I2I S^^^^ ^^AI91 ± 7.1 °l £1 fe5 S :.-•'.! 
4= 2JCI. 

[HI 2 ^'AIWII 

HI 6 S.^ \ii fe'^oi >.il2 ^'AlffllOil 21 £f S3aj.1l 5H0HAIE1M ^bioi 1 - S/Efll DilSeiS,ti2l H! ^ & l ^ g ■ .! ■ 

92E0IEI. y S'.yoi All 1 ^'AiOilSI -1 ^ 3 Oil CH6HA1fe S^'pj 5^51 Atgol^iCi. 

s & i^o| -: i: 0iiL. ,-Hl!HAIEi2l ^-^2^21 £ Bl ^' dl ^ ^ Al 01 Sil ^S^J^ §21 y^Ci ^ ^ CHI ^ ?J 

01 : ajS(pi)o.,,< oi^Oia S^&^mW) fe? CHI H1 1 &^§i ^^61^ . fef?l HI i ^ CHI ^ £1 & d\ 'J :'. h- 

SS6h2 SS. A!£!gSOII 2I6H ^S^IS ^^21 i £1 s £1 E § 1 tSAI9l^ gS. ^ fei 51 MEI^dl^^. HI I 
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fcUflo^lfcr. £ BJS2I XIII ^AI0H'£F^M"&'ai2S £*S^S £2§2? S!i3<Pt )3(74)8 g ^ ¥ OT" "5d £ £5 
). ^^(Pt)2} g£l^£|g&l(62a)°l y§i ^XIoDI ?lo!01 &3I ^^S(74) gOII, a«3<Pt)2l §£I^£IS2T s* 

o^fe mm, mm mo\ ei eih uoi = aoiE(TiN). oidieor), asioiasorn. ^sf^aistRua) £fe ¥eh&(ru) b 
21 o\± m g §j § , wig mo\ 100-1, oooa §521 m^m^m aim as?e(76)e gama. 

01*21 mz\idz\e^ m g , fe^a^s fiHE-iy . e^s s§8 §§ &s°i aim ^aiou 21 ggie! & 

a ggo| W | 2 ^ Al Oil Oil 21 ^ £>S?*mi MAIEI2I Jtfl£iySOII tQ = £. SSSfll 3HflHAIEH°l fe^S^ig ?IOil 

cc^ ximmm saspi ?i& isge ^ggfs g . i^iiii s^&^m aioioii ysygi yxioDi ?ie 

[HI 3 ^AlOll] 

HI 7 £fe g SJgSI xii3 At Oil Oil 2I&I ^^SXll ?Hil(l AlEH S ^blol^ «i£AH OilS£ISXI°l HI£gJgg M£o\?\ ?I£J 
9SE0ID. g SJS2I M1 ^AIOII ^ A1I2 ±J A! Oil 9.\ »' S Oil CH8HA1!= § gJ §» MSofSQ. 

s ggo| ^3 ^/JOIl^ £^2^(58)111 HHd#(70) AIOIOII g^S(7B<'i. 78h)g ggol^i g ^ A1 # SI ^ £l ^ 

g Algols CHfcJOII Cl^ XH33IS Algolfe S^Oll ^§SD. Ol UH. A|g£l-L- Ai&.UISAi^ *J£ISy»BHSfe-). £JS 
S^Ols(AIO). *J£lSS£|Ht(SiN) eOlffl. Ol 2I2I S gg2i a!! 1 fe'AIWISI SS^ ^S9? 

S ggi feSSjoPI^ *>Q. □£». M £1 ^ di ^ CHiUOil IHtJfllM A18E, 1 g ^ 01! I- . HI 7 £011 £AIE! d!2l i>OI. bHd# 
(68, 70)111 ^^5j^(58)S Sil6l3l iSi UH ttgJMIJI ^r.'c-tOi £^2^(58)21 K30I 

ggofOIOi e*EI . 

g£& s go* 01, o|6t &«sfll 9HUNAIEHS =?U\6\$= OUSLif;.. it.' - at i~ VJ. £ Oil CCIgg. 3H GH Al EH Q| 

^1 CHI XHS a ^S ^gJ^ogMI . SjMH. 3H M A I EH SI fef ^ ^ =3_2I £ U PJ ^ SI_S.^0H °t 6H ^^ai^?| 

Si QjXtiS ^ ai i . II. 3HBHAIEH ^^Sl g^g^OI ^£ Xi: P i: ^ a. £■ lii & £ ^gglg gl^SI Hl'§gg A^g 

«L..._^.¥^ ?a on s 21 .s^^OMMA^ ci . 

^'JRH. fe^ ^^oi ^^(Pt)giif ^°2?ji^__Aioi2i g i^i^fe; ■ r- : i 

e gge ^! A I Oil CHI °>g£IXI Pa^ffl , S ^S2l 21 A(^>:-' >^ : ! : ^^21 II XKHI 21 5H S* 1 ^ 

a^OI ^r^^S IS 01 CI. 



(57) &?°J g?l 

&=?m K ?j£;.fl Jl" to -l fe^JMi & J a 8 61^3^21. fe^i of^^^ ••- -.?aaiei Q' ^ji g>^gxil^' ^01 1 

^ At^ | m s m ^ pi g . -l; oi :.2i m oi 2i ±^i\\±m^ ^ niom ?!^ - j m > • , '- ■' * . ■ •' : :i fBgygfetoii g^iBOi 
§§ ?H i6ife a s..^f : £?.g .oi.t;. a.' £ ai mi s ai a xi . 

2. All 1g Oil ?J!0\hi. £ Jl fe' ^ 5j ^ ^' ol^*j^g giig(P:j r 1 1; <mu) . Oiai§(h) . WB>S(Pd). S^g 
(Os) §2 1 S^UI. £jaOiei§(hO). £!£l^^(plat inium oxide). ^Sii'.^ y.i (Qsiifum oxide). ^£I°Jb( Indium oxide) . 
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s=?» 3. xii is oil aoui. gi\ ^gjxii^g aiigH^ gfoiM ?ja ML ^ - 



s^£* 4. xii 3S oil aoui. fe^i aigH±3ioi^ ^£21 aag g jii . xi_.ajgCT)_._b^aEjB ^ag (PbTH). a-^e 

-ElBfe 6l^e(PbLaTia). blM-EIBs ^£ls(BaTiG). bl±^±-EIBs £JSg(Bi 3 Ti<0 E ) , ± Msg-bl .£^_-.HML£) 
SHgtSrBiiTasQ,). bl . Oil ± . El <BST : BaSrTiQ) £ Oil ± . El . 2 < S T0 ; SrTiG)^ UgQIlAi fcjSjS! CHhz ofUgj 

ou= „.g» £ m on g £i s a • 

5. H1 1 *» Oil 91 0\ hi . £J\ B\ ii§g 5~500£/cm*2l ^Hl^i ^S2S 51 b SJSfll 0H2£ISi*l. 



s?s> 6. xiisgw! ?joud. an ii'ig ^aM ois( wsi), fe'ag uoi^aoi^tsiN) ^ ^w^oig 
HS.ch ^oion= a& • i.-= !-'£a i MIS aa xl- 



S^S 8. XII 7 £0-" = £j^£g E|E>s(Ti;/ EIBb UOI^£IOIH(TiN)2l 0] g °j . OI£l§(lr). ¥HIb 

(Ru). ^a^HlB(RuO) "c 1 '..-i"ii l 0) ggj CH!= oKJg OI^CH 3?g ^S2g 511= gj£fll OilBaSfl, 

S^iJ 9. Xill£ . '-: 7 --*- : ; ' 1 . 6f?| &s?S^m XIII iiS Ah 01 CHI , ^^Jj^HI XII 1 il'iSI S» 

ii &xi6i3i ;-. '--i** -".-iiioife si ^§2? 6i^ eisai onsas*i. 



s^a 10. ffliEf ;■ -r'-s::; lutis s^e s&oifcr stEXoe &21 mi sag s^oii 3Huhaiei2i si^s^g s 

Golfer : £>^l e-v.'^i ::.->■ Ml etS SSolfe B XI : feJ3l feff Oil fejses^g SSof^ 

: fef^S^g <V V,.Vii;Q,'g ELK EH y ol ^ BXI : HIU§ &01I eiEXII S/S£^ SSXflS OI^OIS XIII g^S 

a fey* 1 ^ - . ;■■:-*. y^sj^ni S2*sast moisi ±^en^s ^wioi^ ais 

cjj}. o:o ii: . . .y A|§5J^ Xlll EHeg g&offe BXI : ^Ule fe* Oil £21g2^M i^^sJ 

* . QHEiyofCR tJhi-:-.- . : " ."^61^ g^Si ^^olfe : ^ S6H fe^l 9HiiHAia2l ^^2^111 

2 Jl^og E - * - ^| g 2S6lfe Si ol^ £)£Xi! 01! 2 £1^7121 WI5&fS. 



S?^ 11. ;,iM0£:(- ^'-HM. ^^2^ §y ol^^^S ^S(Pt). ^HIs(Ru), OIEIM(lr). ^£IE(Pd). £±s 

(0s) §21 g^2l. ': v«(liD. rJ5l^l^(platinium oxide). ^SI2^g(0smtum oxide). £} 6I2J s( Indium oxide). 

oiS^yftHtlnriiu* * fK . . no) £J5I^QIs(RuC) §21 ^Sllg ^ S Oil Ai m^B 61 

LI 01^21 g&s ' ' . 61^ £1 £ ill Oil 2 £IS XI 21 X^5^g. 



12. : i- ..saiQJS DJIgH±?IOIE ^521 ^Slg Ul.^?i -FJfilU 1! ( BJ i 0 ) ^ 

i^fg-bli^:' -i-.-l.iOJg DgOllAi ii^a CH^ SIL1''? f i« 51 - 3' ^ "^2S of ^ ^£ 

ttl (HIS EIS XI 21 ■!! I:"" - 



S^S 13. XlM^i-:i .. '•. i!n^H±3IOI^ ^5 21 ^SieS HI.XI.EKP.iT). IsI-llDci ii» Slg(PbTU) . fe'*^ 

£|-EIBs ^4lg(Pbl..l ■ f.Eife ^SlgtBaTiO,) . bl^^-EIBs 5lg(Bi-T i,0, ) . ± esg-m g 

11 



:* t z res; s v « s t ^ s tSs: £ s s t s ■ 

[flloSISlp Iplp mil . 



A^lIlltflMlI* • ■ 




^^iUiiiiiii 

. .1 u i -Lllilji Jlxl jlJI .il.il. jl ^il.il.u.. 



- iifcLi. Lit* ftfrfrTfrrly I t^tt 



6»S»g(SrBUTaA). dl . Oil ± . El (BST ; BaSrTifefjjf! Oil ± .El . 2(ST0 : SrTiGJS £j£»E! OI^^HUO" S 

e ^§25 mfe HI 2X11 Oil 2 SIS XI 21 B^Wf" r 



14. XI1 103 (HI &OIA1. fe^l XiM 
Hi2X1l Oil 2 BIS XI 21 Hl£^g . 



!§s 5-~500£/aTfe2i &x^gm §sfc mmg. 3 a ei b s§ ^§°s on 



15. XI1 1 4 S Oil 2J0U1. £J\ XH1 1 M^S^ §^0J M El AI0IE(WSi ) , *JEIg UOI^EIOIE(SiN) §J ^SfW^DI 
s(AIA)^^ HMOilAI CH^ olU^ 3g61£= S§ ^S2§ ofi= Hi 2 HI 0JI2EISXI2I X1I£.^£. 

&=?m 16. hi 103 oil &oui, hm ii'ii saeifc sai oisoti. &oi hm ii'iii twas aioi2i y§i 

XI6I2I ?|of XiH g«gg WM |x,g ^o|, BSIM CH ^dlolfe Si iS2S olfe Hi2Hf 0H2EISXI2I 

XH3E&S. 



g^I* 17. 
OlSIsdrQ.). 



H1 163011 2J0Ui. ^2! XI1 1 S^gg ElElsdiy El Els LIOI^aOI2(TiN)2l 0l#&i. OIEIs(lr). 
'Eils(Ru) §=' ^SI^HIh(RuO) §21 01!= 61 US ggolfe Si olfe Si 2 ill 0U2EISXI2I HI 5 



g^sj 18 , XI1 103 2fe XI1 163 Oil £!0U1. &?l XI1 1 iili 3^51 J\ 2 011. feOI fe f ^ 3 ^ HI XII 1 M£S2I &s Hi 
§i g>XI6DI ?ls» xi| 2 S^e-g feJ^Zj^g £21 &(HI g golfer 921 B CH ?dlof^ 5!i ^g^S of£= Hi2HI 

0II2EISXI2I X1I5&S. 

19. HI 7 3 Oil °!0Ui. £D\ XI1 1 i^gg MEI^'EI£2S OI^CH*' Sg o\^= £12X11 QilsaSXl. 



20. 
X1l£gJS. 



X1I1630JI £-'OU1 , &2I XH1 1 ligg I£l^'£l?2g 3^61^ Si 1S2: 



IEISXI 21 



8^8 21. Oil 2 El g^IU ^^al^ S^g SDofe 2i2Xll?ie : 61^2^ Hf. 31^2^ feJCHi 3£S Si^2 

Xll^ §y fe^l ^011 3^E" &'?2^2S 01^015" 2^3X11 5H0HAIE^ 536ICM &^l Oil 2 El ^' g^OII 3^ 

S ^^21 ^^3X11 OIISEI^e : &3I i,^2X1l ?H OH Al EH & v ^l ^^SlS S^2I ^011 &i2X1i 

5:72^ g 3 XII S 3&EJCH . £J\ ^ ^ 2 ^ HI gZ.tS29, f AI0I2I ^^Ell^l ^Hlofl! ^^stg ^^9.1 ai *'§2? Afg 
£|fe XI1 1 g§Jg ; £HI XIII ii^'g fefOII 3 ^ El 2 . ^^SOI 3^& : ^' fei^l §^g°'5! fef CHI 3 & El 12 . 

^ ^ £! Xil 3H0HAIE12I fe^S^ll 5j^l^2^ dHtjgg Ptllol^ Si ^S2g 61^ Si 2 XII 31 2 El S Xl . 

22. X1I2130II °!0Ui . &^l fe^S^ ^ 6l^2^g ^^(Pt). ^Bh(Ru). OlElsdf ). ^Ets(Pd), 
(0s) s2l ^^El . ^§IOIEIs(lrC : ). £J&9!|S(plat inium oxide). £} ^12 ± s(0smrum ox ide) . ti El E 1 s { I nd ium ox ide) . 
E's^i'ii&gOndium Tin Oxide : IT0) 2fe ^5l^Ells(RuO §21 5i2^ ^Sie^ 3g0liA1 ij^E' CH 2 61 

LI 0I&2I 01^015.' Se ^S2^ 61^ "'2 XII 0H2EI&XI. 



23. XH21S0II 9J0IA1. ^I ff?jAII°'S QllgS^?l0l^ ^221 ^Sl^. b! ± ^ i;-EI E' n? 
±^^g-bl±^±-9^§< ^5lg(SrBi1a0 - : Ml J S CHI Ai m^^' CH2 of LIS OI^OI^ SI 

xii oil 2 as XI. 



::i :.^(R.Ti ; 0,) & 
olfe £]2 



S?3 24. X1I23 3 0II ?J0IA1. iiilS2±3K)lS 9^21 £i£l§8 Ul . XI . El (PZT ) . a-EJEIs ii'Si&O'bTiO. a-£i 

&-EIE1h ^SIg(PbLaTi':). blg-EIElo MSIg(HaTiC). bl^^^-EI Efs £J Sfg (Bi T i : 0: ) . S-UI 
t»SJg(Sr8i ? Ta,0..). dl . Oil i: . El (BST : flaSrliO) * Oil ^ . El . 2 (ST0 : SiTiCOS DS0ll/d y^=J 011= 6IUE' S 
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J^itiiiiiiuiim.-i-.': 'iUi.-... 

') . j ; :: 3SSai!liIl!3PilSS2lI|Si_ JP|| s :': 

" « J ; « » :i » t £ S ii It » : ^ «- ; • ■ « « £ « H £ 2 ii ** ii • 

.... . f; | L i. t L S^^^ jjg^ jg^ggS " ^ ^'f^ " r : S^^^^n^^^^ ^ 



=. ;:fctLi.L 



^!^^3P^I11||11|1|P 



iS2? Sffe E Jell OilESIgUI. 



25. 

XI. 



I21S0H 2J0U1. &?| XIII g i§#5 -500£/ crib SI S^ii 31 ^S2S offe &1E3HI 0112'Eia 



S^S 26. XII25S0II SIOUI. fe^l H1 1 MM^^ ^ £l AIOI E(WSi ) . UOISBK)IE(SiN) §=' ^SfS^OI 

s(AIA)-^ ^^E" HgOilAi Oi^ 6Hfg OI^CH^J 5i 6t_£= £!Efll 0II2BIS j| . 



27. JUI21&0II &!CHAi, £31 XH1 1 s§,'# £011 J31 1 

CH ^dl offer 3!i ^§2? olfef H'Efll 01I2BISXI. 



\m2\ mtim k\q\°\ *imm qi\o\j\ ?io> xhj i & 



28. HI27SKHI &0Ui. fe^l HM S^§8 ElEisdi./ EiBs U0l^^0IS(TiN)S| Olg^. 0l£IS(lr). 
fe(Ru). £}£f^Ells(RuQ) ^SI0l£ls(lr0) g°l Wbr of US 0l¥W£J 51 M ^§9S 61^ SJEfll 0II2£I&*I. 

S=?S 29. HI21S ££fe HI 27 il Oil £OUi. £^*j^Hf H1 1 AIOI Oil. &JI &^S^2f HM Wmg AIOI (HI. 

y}| fe^xj^m AH11 iSi2l fe ( § SXIoHM XHI2 S^li CH ^blof^ 31 iS9S 6f l e PJE.MI 0il2£l 

SXI. 

S=?S 30. XII 25 S (HI SiCH Ai . ^1 H1 1 g^'S^ M£l^£ISS2rS 0l¥CH*J 3dg of^ SI SHI Oil ¥ c\ & X\ . 
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